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Abstract
The European Union (EU) has recently published its first list of invasive alien species (IAS)
of EU concern to which current legislationmust apply. The list comprises species known to
pose great threats to biodiversity and needs to be maintained and updated. Horizon scan-
ning is seen as critical to identify the most threatening potential IAS that do not yet occur
in Europe to be subsequently risk assessed for future listing. Accordingly, we present a sys-
tematic consensus horizon scanning procedure to derive a ranked list of potential IAS likely
to arrive, establish, spread and have an impact on biodiversity in the region over the next
decade. The approach is unique in the continental scale examined, the breadth of taxo-
nomic groups and environments considered, and the methods and data sources used.
International experts were brought together to address five broad thematic groups of
potential IAS. For each thematic group the experts first independently assembled lists of
potential IAS not yet established in the EU but potentially threatening biodiversity if intro-
duced. Experts were asked to score the species within their thematic group for their sepa-
rate likelihoods of i) arrival, ii) establishment, iii) spread, and iv) magnitude of the potential
negative impact on biodiversity within the EU. Experts then convened for a 2‐day work-
shop applying consensus methods to compile a ranked list of potential IAS. From an initial
working list of 329 species, a list of 66 species not yet established in the EU that were con-
sidered to be very high (8 species), high (40 species) or medium (18 species) risk species
was derived. Here, we present these species highlighting the potential negative impacts
and themost likely biogeographic regions to be affected by these potential IAS.
K E YWORD S
biological invasions, consensus approach, environmental policy, impacts, introductions,
prioritization, risk assessment
1 | INTRODUCTION
There are currently more than 14,000 alien species recorded in Eur-
ope (EASIN Catalogue, https://easin.jrc.ec.europa.eu/) with more
than half originating from outside EU territories, while the remainder
have originated within parts of the EU and subsequently invaded
others. Their numbers are rapidly increasing (Seebens et al., 2017),
and in some cases so is their rate of spread (Roques et al., 2016). A
number of alien species cause serious problems for the environment
and society (Vilà et al., 2010) and these are termed invasive alien
species (IAS) (European Union, 2014). The European Commission has
addressed the threat of IAS in their Regulation 1143/2014; at the
heart of the regulation is the development of a list of IAS of EU
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concern, with an explicit focus on potential future invaders, exclud-
ing some microorganisms,1 that will be targeted for action (European
Union, 2014; Genovesi, Carboneras, Vilà, & Walton, 2015). Thus, the
identification of likely future IAS is pivotal for implementing this reg-
ulation. Here, we present a horizon scanning approach to identify
likely future IAS to inform the list of IAS of EU concern.
Horizon scanning can be defined as a systematic examination of
potential threats and opportunities, within a given context, and likely
future developments which are at the margin of current thinking and
planning (Food Standards Agency, 2018). There are a number of
approaches that could be adopted for horizon scanning (Supporting
information S1: Overview of approaches horizon scanning methods)
with varying strengths and weaknesses depending on the context
(Sutherland & Woodroof, 2009). Horizon scanning usually follows a
structured process of simplification and reduction from a large set of
data to a prioritized subset categorized by the most important and
relevant data. A series of recent papers have provided convincing
arguments that horizon scanning should play a more prominent role
in environmental and conservation practice (Copp et al., 2016; Cowx,
Angelopoulos, Nunn, Britton, & Copp, 2009; IPCC 2005; Ricciardi et
al., 2017; Sutherland & Woodroof, 2009; Van Wilgen & Richardson,
2012) including as a tool for informing policies on IAS, particularly
through preventing arrival (Copp, Templeton, & Gozlan, 2007; Shine
et al., 2010).
There have been a number of horizons scanning exercises for
IAS in Europe, but these have usually involved one or few taxonomic
groups, such as plants (Andreu & Vilà, 2010; Thomas, 2010) or ani-
mals (Parrott et al., 2009), or distinct environments such as freshwa-
ter (Gallardo & Aldridge, 2013), specific countries (Matthews et al.,
2014; Roy, Peyton et al., 2014; Matthews et al., 2017), or regions
(NOBANIS 2015; Gallardo et al., 2016). Most of these approaches
have relied on information from the literature coupled with impact
assessment frameworks (Parrott et al., 2009; Thomas, 2010) or mod-
elling approaches (Gallardo & Aldridge, 2013). It has been noted that
wildlife diseases are lacking within horizon scanning exercises and
that there is a need to address this imbalance (Roy et al., 2017).
A horizon scanning exercise for Great Britain was carried out in
2013 and illustrates the merits of using a combination of
approaches and concluding with a consensus workshop to create a
ranked list of IAS (all plant and animal taxa, excluding microorgan-
isms, across all environments) that are likely to arrive, establish and
have an impact on native biodiversity within the following 10 years
(Roy, Peyton et al., 2014). Within 2 years of publication of this list,
seven of the species ranked within the top ten had been newly
recorded within Great Britain. Most notably, the quagga mussel,
Dreissena rostriformis bugensis, which was given the maximum
scores for risk of arrival, establishment and impact and accordingly
ranked in the top position, was reported in October 2014 (Aldridge,
Ho, & Froufe, 2014).
There are considerable strengths to such consensus methods, par-
ticularly when information is limited, but it is important to be aware
that opinion is not knowledge (Banks, Wright, Maclean, Hann, &
Rehfisch, 2008). Indeed, it is critical that consensus methods, in which
experts are engaged, adequately address issues with respect to accu-
racy and judgement to reduce the effects of potential bias (Suther-
land & Burgman, 2015; Garnas et al., 2016). Discussions through
consensus approaches, where not just scores are communicated, but
also the insights that led to them, can reduce levels of uncertainty.
Uncertainty is inherent when dealing with data deficiency (e.g. insuffi-
cient information on species) and ambiguity in terminology, which is a
problem in invasion ecology, particularly between experts from differ-
ent taxonomic groups (Essl et al., 2016). Indicating the perceived level
of confidence of the assessments, and documenting the discussions
behind the agreed level (or score) of uncertainty, is therefore consid-
ered crucial in communicating the outcome of the exercise to a wider
scientific or public audience. During the consensus building process,
lack of evidence or contradictory information can easily be tracked
and discussed. Therefore, the method is particularly useful to inte-
grate scarce information available for many potential alien species
(Vanderhoeven et al., 2017).
Here, we present a consensus approach which was adopted for
the first EU‐wide horizon scan for future IAS not native to any parts
of Europe with the potential to threaten European biodiversity. The
EU‐wide horizon scan was part of a study funded by the European
Commission for prioritization of IAS (Roy, Peyton et al., 2014). This
study is unique in the continental scale examined but also the
breadth of taxonomic groups and environments considered. The pro-
posed list provides a basis for prioritizing full risk assessments of
species not yet established in the EU in order to comprehensively
evaluate the threat posed by these species to EU biodiversity. The
study may also serve as a model for future horizon scanning projects
of similar thematic or geographic scope.
2 | MATERIALS AND METHODS
We used an adapted version of the consensus method (Sutherland,
Fleishman, Mascia, Pretty, & Rudd, 2011; Roy, Peyton et al., 2014)
for a horizon scanning approach to derive a ranked list of species to
be risk assessed, hence to be further considered to derive a list of
potential IAS with high impact on biodiversity (Figure 1). It is impor-
tant to note that the process was undertaken in the framework of
1The Regulation does not apply to:
a
Species changing their natural range without human intervention, in response to chang-
ing ecological conditions and climate change;
b
Genetically modified organisms as defined in point 2 of Article 2 of Directive 2001/18/
EC;
c
Pathogens that cause animal diseases; for the purpose of this Regulation, animal disease
means the occurrence of infections and infestations in animals, caused by one or more
pathogens transmissible to animals or to humans;
d
Harmful organisms listed in Annex I or Annex II to Directive 2000/29/EC, and harmful
organisms for which measures have been adopted in accordance with Article 16(3) of
that Directive;
e
Species listed in Annex IV to Regulation (EC) No 708/2007 when used in aquaculture;
f
Micro‐organisms manufactured or imported for use in plant protection products already
authorized or for which an assessment is ongoing under Regulation (EC) No 1107/2009;
or
g
Micro‐organisms manufactured or imported for use in biocidal products already autho-
rized or for which an assessment is ongoing under Regulation (EU) No 528/2012.
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the EU Regulation 1143/2014 on IAS and accordingly the approach
(and particularly scope) was in part determined by this context (Roy
et al. 2014). The approach involved a sequence of critical steps:
2.1 | Step 1. Establishment of thematic groups
Five broad thematic groups (plants, terrestrial invertebrates, marine
species, freshwater invertebrates and vertebrates) of IAS and associ-
ated experts based on taxonomy and major environments were
established (Supporting information S2). The experts were selected
to provide representation across Europe and ensure sufficient
knowledge across taxonomic groups and environments. Group size
ranged between six to nine experts and contained two co‐leaders
who agreed to coordinate and record activities and discussion
between group members before, during and after the workshop.
2.2 | Step 2. Compilation of preliminary lists of
potential IAS
Each thematic group was asked to assemble preliminary lists of
potential IAS that they considered to constitute the highest risk with
respect to the likelihood of arrival, establishment, spread and the
magnitude of their potential negative impact on biodiversity and
ecosystem services, within the EU region over the next 10 years. It
was expected that each thematic group would derive these lists from
a combination of systematic literature searches (including academic
journals, risk assessments, reports, authoritative websites and other
“grey” literature), querying of IAS databases (Supporting information
S3) and their own expert knowledge. As expected, the approaches
adopted by each thematic group differed slightly with respect to
methods followed to derive the preliminary lists because of the
diverse nature of the taxonomic groups and variation in the sources
of information available (details given in Supporting information S4).
However, initially all experts worked independently to provide lists
of potential IAS for consideration by the entire group at a later
stage.
The geographic scope of the search for potential IAS was world-
wide. It was clearly stated that the lists should only include species
alien to the EU, including the Macaronesian islands, but excluding
other EU outermost regions, acknowledging that the EU does not
encompass the entire European continent. A potential, but not
exhaustive, list of search criteria included alien species that:
1. Are absent in the EU
2. Are present in countries close to or sharing a border with the EU
3. Are present in areas of the world that are climatically matched to
the study region (using the Köppen‐Geiger climate zones as ref-
erence)
4. Have documented histories of invasion and causing undesirable
impacts in other regions worldwide
5. Are traded within the EU or are present in areas that have strong
trade or travel connections with the EU and where there is a rec-
ognized potential pathway for arrival
6. Are present in captivity including zoological parks, aquaculture
facilities and glass houses.
The temporal scope of the horizon scanning exercise was that
only species likely to arrive in the next 10 years within the EU
should be included. This temporal limit had important consequences,
because it limited the relevance of, for instance, long‐term climate
change projections.
A simplified framework was developed following the workshop.
It was decided to focus on five climatic zones based on the biogeo-
graphic regions of Europe as defined by the European Environment
Agency (EEA, see http://ec.europa.eu/environment/nature/natura
2000/biogeog_regions/). A correspondence with Köppen‐Geiger cli-
mate zones (Kottek, Grieser, Beck, Rudolf, & Rubel, 2006) was pro-
vided to allow extrapolation of species establishment potential based
on the species distribution in other continents. For marine species
(all species living within the sea), the framework was modified by
adding the Baltic Sea, Mediterranean and Black Seas.
The scope of the exercise was further refined based on a num-
ber of exclusions including those already stated above:
1. Species that arrive from their native range by natural spread/dis-
persal without human intervention in response to changing eco-
logical conditions or climate change
2. Parasites that cause animal diseases (including to wildlife)
3. Species or taxonomic groups that are regulated under EU legisla-
tions other than the EU Regulation 1143/2014 on IAS (e.g. EU
Plant Health Legislation – Directive 2000/29/EC or EU regulation
on the use of alien species in aquaculture ‐ Regulation (EC) No
708/2007)
4. Microorganisms and fungi
5. Species having adverse impacts only in productive sectors (such
as agriculture, horticulture, timber) or on human health and well-
being, unless these impacts are in addition to separate impacts
on native biodiversity (in which case, these additional impacts
were noted, but not used as primary selection criteria).
The consultation between experts was completed both through
e‐mail discussions in advance of the workshop (over 6 weeks) and
through the workshop breakout groups. Co‐leaders of each of the
thematic groups collated the lists of IAS received from the experts
within their group into a single provisional list.
2.3 | Step 3: Scoring of species
Experts were asked to independently score each species within their
thematic group for their separate likelihoods of: (a) arrival, (b) estab-
lishment, (c) spread, and (d) magnitude of the potential negative
impact on biodiversity within the EU. A 5‐point scale from 1 = very
low to 5 = very high (Blackburn et al., 2014) was adopted to achieve
an appropriate balance between accuracy and resolution. The scores
from each expert within each thematic group were then compiled
and discussions within the thematic groups (at the workshop) led to
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an overall agreed impact and confidence score for each species with
respect to likelihoods of: (a) arrival, (b) establishment, (c) spread, and
(d) impact on biodiversity. Further guidance on species scoring is
given below.
Scores for the likelihood of arrival were based on a consideration
of several relevant factors, including: previous history of invasion by
the species in other regions; the existence of a plausible introduction
pathway; qualitative consideration of volume and frequency of trade
F IGURE 1 Number of species for each thematic subgroup (Freshwater invertebrates, Freshwater fish, Terrestrial invertebrates, Vertebrates,
Plants and Marine species) at different stages of the horizon scanning process (preworkshop, Day 1 Subgroup Consensus, Day 2 Subgroup
Consensus, Final Subgroup consensus and Final Overall Consensus). Note the Final Overall Consensus includes species that have a limited
distribution within the EU and those that are considered absent from the EU; for the latter category there was a total of 66 species (with 18,
40 and 8 species considered to represent medium, high and very high threat respectively). White = unranked, dark grey = very high, light grey
= high, mid grey = medium priority for risk assessment
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and travel between the existing range of the species and the EU. A
score of 1 denoted that the species was considered unlikely to arrive
in the EU within the chosen timeframe. A score of 5 was used to
denote near‐certain, arrival. In the case of species already in the EU
(such as those held commonly in captivity or planted in gardens), the
likelihood of arrival was agreed to be the top category of 5.
Having arrived, the probability of a species establishing a self‐
sustaining population in the wild will depend on the ecological prop-
erties of both the species itself and the community that it is invading
(Leung et al., 2012). Scores therefore reflected life‐history character-
istics including reproductive rate and ecological features such as tol-
erance of a broad range of environmental conditions or availability
of food supply in the introduced range. Scores for likelihood of
spread were primarily determined by the dispersal ability of the spe-
cies, both natural and human‐assisted, and its history and speed of
spread in other regions where invasive.
Experts were asked to score the magnitude of impact on biodi-
versity and ecosystem functions related to ecosystem services, and
the likelihood of colonization of habitats of high conservation value
(as defined by the EU Habitats Directive). Furthermore, information
was requested on the mechanisms through which each IAS could
impact biodiversity and ecosystem functions (Supporting information
S5).
The impact scoring system was modified from the ISEIA protocol
(Branquart, Verreycken, Vanderhoeven, & Van Rossum, 2009; De
Groot, Alkemade, Braat, Hein, & Willemen, 2010), the GB NNRA
(Booy, White, & Wade, 2006) and the proposed unified framework
for environmental impacts ‐ EICAT (Blackburn et al., 2014; Hawkins
et al., 2015). The descriptors of the impact scoring system are pro-
vided in Supporting information S5. Confidence levels (Supporting
information S5) were attributed to each score to help focus discus-
sions and refine the list of species but were not used formally within
the consensus building (across all thematic groups). Therefore, confi-
dence scores are not reported here but did prove useful in guiding
discussion within some thematic groups.
While acknowledging that the scores were only for guidance on
ranking and not to be used as absolute, an overall risk score for each
species was calculated as the product of the individual scores for
arrival, establishment, spread and impact on biodiversity as proposed
in the Harmonia+ protocol. With a 4‐criterion, 5‐point scoring sys-
tem, this produces a maximum score of 625. The individual com-
pleted spreadsheets from each expert were then returned to group
leaders for collation. The objective was to reach broad consensus on
the scores within each group in advance of the workshop. This was
achieved through e‐mail and Skype discussions between group mem-
bers but the workshop provided an opportunity for further refine-
ment by the experts.
2.4 | Step 4: Expert (consensus) workshop
The aims of the 2‐day workshop were clearly outlined; then an over-
view of the IAS selected by each thematic group was presented.
These thematic group presentations were particularly important
because they informed the other participants of the range of species
and their life‐histories within each group, enabling subsequent
review and moderation of the scores within the breakout sessions
for each thematic group. During the breakout session, participants
were requested to add or remove species in the light of new evi-
dence (either discovered just prior to the workshop or following
reflection from the preceding workshop presentations and discus-
sions), to justify and moderate scores through discussion and to con-
sider levels of confidence attached to scores. The thematic groups
were asked to restrict their lists to a total of 20–30 top‐ranked spe-
cies. The emphasis at this stage was to use the scores as guidance
for informing the subsequent consensus‐building component of the
horizon scanning approach and deriving a ranked list rather than as a
component of a full impact assessment.
All the species lists from across the thematic groups were col-
lated into a single list. At this stage there were 249 species listed
(Supporting information S6). Experts were invited to justify their
scores in comparison to those of other groups, to increase the align-
ment of results among groups through a further round of review and
moderation of the lists. The lists (Supporting information S7) from
each thematic group were again combined to produce a list of 120
species. The process of sequential reduction in number of IAS priori-
tised for each thematic group is summarized in Figure 1.
All participants were then invited to review, consider and refine
the rankings of all species through plenary discussion. Leaders of
each thematic group were again asked to justify to the other work-
shop participants the scores for their top‐scoring species and to
respond to queries or objections from members of other thematic
groups. It proved to be challenging, but very fruitful, to discuss rank-
ings across thematic groups. Changes to overall rankings for individ-
ual species were made only after hearing the evidence from
appropriate experts, full discussion and, if needed, majority voting.
The end result was an agreed ranked list of potential IAS derived
through discussion and broad consensus that were considered to
represent a medium, high or very high probability of arrival, estab-
lishment, spread and magnitude of impact on biodiversity and
ecosystem services (Figure 1).
2.5 | Step 5: Post workshop compilation of
information on species
Following the workshop, information was gathered by the experts
within the thematic groups on the likely pathways of arrival (CBD
2014), using published classifications (Supporting information S8).
Additionally the biogeographic regions in the EU likely to be most
threatened by each species were documented.
2.6 | Statistical analysis
To analyse frequencies among thematic groups in relation to threat,
pathways of arrival and membership of functional groups we used
Chi‐squared tests. Count data of biogeographic regions under threat
were analysed by generalized linear models with quasi‐poisson
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distibutions. The latter was used to account for underdispersion in
the residuals (Crawley, 2012).
3 | RESULTS
Of the 329 species considered, a total of 66 marine, terrestrial and
freshwater species were identified as having medium (18 species),
high (40 species) or very high (8 species) overall threat (Table 1; Fig-
ure 2). All workshop participants agreed that the list represented the
outcome of the consensus approach.
It was notable that none of the plants or terrestrial invertebrates
were ranked within the very high category, but 17 plants and 9 ter-
restrial invertebrates were considered as posing a high probability of
arrival, establishment, spread and magnitude of impact on biodiver-
sity and ecosystem services, and thus categorized as high impact. Of
the 66 species identified, plants were considered to pose a higher
than average and marine species a lower than average threat
(χ2 = 9.32, df = 5, p < 0.05).
3.1 | Native range
The highest proportions of the species identified through the horizon
scanning have native ranges in Asia, North America and South Amer-
ica (Figure 3), which more or less mirrors the native ranges of cur-
rently established terrestrial and freshwater alien species in Europe
(DAISIE, 2009). Species with native ranges in Africa are less repre-
sented in the pool of potential future invaders. The marine species
are likely to originate from a range of geographic regions.
3.2 | Pathways of arrival
Many of the species listed were anticipated to arrive along multiple
pathways (Table 1; Figure 4), but it was apparent that escape from
confinement was particularly relevant to plants and vertebrates,
whereas aquatic species were considered to be most likely to arrive
as stowaway or via shipping, and terrestrial invertebrates as contami-
nants (Figure 4). While the escape pathway was also the most
important one in the past for currently established aliens in Europe
(60% of all known pathways (n = 6,224, DAISIE, 2009), the impor-
tance of the stowaway pathways was considered likely to increase
for future invaders from currently 8.1% (DAISIE, 2009) to 24% (Fig-
ure 4).
Our results do not indicate that there is any one statistically sig-
nificant pathway through which high risk IAS are expected to enter
Europe in future (χ2 = 5.3, df = 5, p = 0.38; Figure 5).
3.3 | Functional groups
The species spanned a variety of functional groups (Figure 6). Pri-
mary producers dominated the species listed, while the other groups
except for detritivores were almost equally represented. Further-
more, no single functional group was considered to represent a very
high or high probability of threat (χ2 = 7.8, df = 5, p = 0.17).
3.4 | Biogeographic regions under threat
The number of EU biogeographic regions under threat from the 66
species on the final list varied between thematic groups (GLM with
quasi‐Poisson distribution; dispersion parameter = 0.44; analysis of
deviance (type II): χ2 = 21.4, df = 4, p < 0.001), although the major-
ity of the species were predicted to be of threat to two or more bio-
geographic regions (Table 1). A high number of the freshwater
invertebrates and fish were anticipated to pose a threat to four or
five biogeographic regions. In contrast, many of the marine species
and vertebrates are likely to be restricted to two or three biogeo-
graphic regions. The terrestrial invertebrates and plant species are
more evenly spread with more than two biogeographic regions pre-
dicted to be threatened in all cases. Two species were considered to
pose a threat to five biogeographic regions, the Northern snakehead
fish, Channa argus, and the black striped mussel, Mytilopsis sallei.
The Mediterranean, Continental, Macaronesian and Atlantic bio-
geographic regions are predicted to be the most threatened across
all taxonomic groups (Figure 7; χ2 = 108.3, df = 7, p < 0.0001),
whereas Baltic, Black Sea and Boreal biogeographic regions are pre-
dicted to be least at risk. The Alpine biogeographic region appears
not to be under threat by any species. The terrestrial invertebrates,
freshwater invertebrates and fish are likely to be of greatest threat
to the Steppic biogeographic region.
4 | DISCUSSION
Biological invasions involve complex processes and the ultimate suc-
cess and impact of an alien species depends on many interacting
biological, environmental and societal factors. The approach to hori-
zon scanning proposed here attempts to prioritize potential future
alien species in the EU acknowledging this complexity and the lack
of evidence for many species under consideration. It is important to
note the inherent biases in engaging experts through consensus
methods (Sutherland & Burgman, 2015). However, employing tech-
niques such as combining independent opinions and documenting
the best available evidence can improve the reliability of judgements
(Sutherland & Burgman, 2015). We not only captured independent
scores as a first step in compiling the species list but we embedded
the consensus methods within a framework that included literature
review and impact assessment ensuring an evidence‐based approach
which has applicability globally at various spatial and temporal scales.
Ultimately our overarching aim was to systematically identify species
considered to have a probability of arrival, establishment, spread and
high impact on biodiversity and ecosystem services within the EU.
We identified 66 species that are currently absent from the EU
and were considered to represent a medium, high or very high risk.
The species identified in this horizon scanning exercise span a range
of functional groups, with primary producers being numerically domi-
nant. Escape from confinement is the pathway considered to be the
most likely route of introduction for many species, particularly
among plants and vertebrates. Both these patterns are consistent
with already established aliens (DAISIE, 2009) and not surprising
1038 | ROY ET AL.
T
A
B
L
E
1
Li
st
o
f
6
6
po
te
nt
ia
l
IA
S
in
th
e
E
U
w
it
h
ve
ry
hi
gh
(8
sp
ec
ie
s;
no
fi
ll)
,
hi
gh
(4
0
;
da
rk
gr
ey
fi
ll)
o
r
m
ed
iu
m
(1
8
;
no
rm
al
te
xt
)
pe
rc
ei
ve
d
o
ve
ra
ll
th
re
at
Im
pa
ct
ty
pe
Sp
ec
ie
s
N
am
e
C
o
m
m
o
n
N
am
e
T
he
m
at
ic
G
ro
up
Fu
nc
ti
o
na
l
G
ro
u
p
C
B
D
P
at
h
w
ay
N
at
iv
e
ra
ng
e
B
io
ge
o
gr
ap
hi
c
re
gi
o
ns
th
re
at
en
ed
C
o
m
bi
ne
d
R
is
k
Sc
o
re
C
o
m
-
pe
ti
ti
o
n
P
re
-
da
ti
o
n
H
yb
ri
di
-
za
ti
o
n
D
is
ea
se
T
ra
ns
-
m
is
si
o
n
P
o
is
o
ni
ng
o
r
to
xi
ci
ty
B
io
‐
fo
ul
in
g
G
ra
zi
ng
/
he
rb
iv
o
ry
/
br
o
w
si
ng
In
te
ra
ct
io
ns
w
it
h
in
va
si
ve
al
ie
n
sp
ec
ie
s
N
ut
ri
en
t
cy
cl
in
g
P
hy
si
ca
l
m
o
di
-
fi
ca
ti
o
n
N
at
ur
al
su
cc
es
si
o
n
D
is
ru
pt
io
n
to
fo
o
d
w
eb
s
C
ha
nn
a
ar
gu
s
N
o
rt
he
rn
sn
ak
eh
ea
d
F
re
sh
w
at
er
fi
sh
P
re
da
to
r
E
sc
ap
e,
R
el
ea
se
A
t
M
A
C
,
M
E
D
,
A
T
L,
C
O
N
,
ST
E
3
8
3
X
X
X
X
Li
m
no
pe
rn
a
fo
rt
un
ei
G
o
ld
en
m
us
se
l
F
re
sh
w
at
er
in
ve
rt
eb
ra
te
F
ilt
er
fe
ed
er
St
o
w
aw
ay
,
C
o
rr
id
o
r,
U
na
id
ed
A
s
M
E
D
,
A
T
L,
C
O
N
,S
T
E
5
0
0
X
X
X
X
X
X
X
O
rc
on
ec
te
s
ru
st
ic
us
R
us
ty
cr
ay
fi
sh
F
re
sh
w
at
er
in
ve
rt
eb
ra
te
O
m
ni
vo
re
E
sc
ap
e,
R
el
ea
se
,
St
o
w
aw
ay
,
C
o
rr
id
o
r,
U
na
id
ed
N
A
m
M
E
D
,
A
T
L,
C
O
N
,S
T
E
5
0
0
X
X
X
X
X
X
X
X
Pl
ot
os
us
lin
ea
tu
s
St
ri
pe
d
ee
l
ca
tf
is
h
M
ar
in
e
P
re
da
to
r
U
na
id
ed
W
IP
,
T
eN
W
P
,
C
IP
,
T
eA
u
M
E
D
,
M
A
C
4
5
6
X
X
X
X
C
od
iu
m
pa
rv
ul
um
A
gr
ee
n
al
ga
M
ar
in
e
P
ri
m
ar
y
pr
o
du
ce
r
U
na
id
ed
W
IP
M
E
D
,
M
A
C
4
0
0
X
X
X
X
X
C
re
pi
du
la
on
yx
O
ny
x
sl
ip
pe
rs
na
il
M
ar
in
e
F
ilt
er
fe
ed
er
E
sc
ap
e,
St
o
w
aw
ay
T
rE
P
A
T
L,
M
E
D
,
M
A
C
2
4
0
X
X
X
X
M
yt
ilo
ps
is
sa
lle
i
B
la
ck
st
ri
pe
d
m
us
se
l
M
ar
in
e
F
ilt
er
fi
lt
er
St
o
w
aw
ay
T
rW
A
M
E
D
,
M
A
C
,
A
T
L,
B
A
L,
B
LK
2
1
6
X
X
X
X
X
X
Sc
iu
ru
s
ni
ge
r
F
o
x
sq
ui
rr
el
V
er
te
br
at
e
H
er
bi
vo
re
E
sc
ap
e,
R
el
ea
se
N
A
m
A
T
L,
M
E
D
,
C
O
N
4
0
5
X
X
X
X
X
X
M
or
on
e
am
er
ic
an
a
W
hi
te
pe
rc
h
F
re
sh
w
at
er
fi
sh
P
re
da
to
r
E
sc
ap
e
N
A
m
M
A
C
,
M
E
D
,
A
T
L,
C
O
N
,
ST
E
2
2
1
X
X
X
A
lb
iz
ia
le
bb
ec
k
In
di
an
si
ri
s
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
t
M
A
C
,
A
T
L,
M
E
D
3
0
0
X
X
X
X
C
el
as
tr
us
or
bi
cu
la
tu
s
O
ri
en
ta
l
bi
tt
er
sw
ee
t
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
s
A
T
L,
B
O
R
,
C
O
N
,(
M
E
D
)
5
0
0
C
hr
om
ol
ae
na
od
or
at
a
Si
am
w
ee
d
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
C
o
nt
am
in
an
t
SA
m
M
A
C
,
M
E
D
3
2
0
X
X
X
X
C
in
na
m
om
um
ca
m
ph
or
a
C
am
ph
o
r
tr
ee
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
s,
A
t
M
A
C
,
A
T
L
4
0
0
X
X
X
X
C
le
m
at
is
te
rn
ifl
or
a
Le
at
he
r
le
af
cl
em
at
is
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
s,
A
t
M
A
C
,
A
T
L
4
0
0
X
X
C
or
ta
de
ri
a
ju
ba
ta
P
ur
pl
e
pa
m
pa
s
gr
as
s
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
SA
m
A
T
L,
M
A
C
,
M
E
D
5
0
0
X
X
X
C
ry
pt
os
te
gi
a
gr
an
di
flo
ra
R
ub
be
r
vi
ne
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
SA
m
M
A
C
,
A
T
L,
M
E
D
3
2
0
X
X
X
X
X
G
ym
no
co
ro
ni
s
sp
ila
nt
ho
id
es
Se
ne
ga
l
te
a
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
s,
SA
m
M
A
C
,
(M
E
D
)
6
2
5
X
X
X
X
(C
on
ti
nu
es
)
ROY ET AL. | 1039
T
A
B
L
E
1
(C
o
nt
in
u
ed
)
Im
pa
ct
ty
pe
Sp
ec
ie
s
N
am
e
C
o
m
m
o
n
N
am
e
T
he
m
at
ic
G
ro
up
Fu
nc
ti
o
na
l
G
ro
up
C
B
D
P
at
hw
ay
N
at
iv
e
ra
ng
e
B
io
ge
o
gr
ap
hi
c
re
gi
o
ns
th
re
at
en
ed
C
o
m
bi
ne
d
R
is
k
Sc
o
re
C
o
m
-
pe
ti
ti
o
n
P
re
-
da
ti
o
n
H
yb
ri
di
-
za
ti
o
n
D
is
ea
se
T
ra
ns
-
m
is
si
o
n
P
o
is
o
ni
ng
o
r
to
xi
ci
ty
B
io
‐
fo
ul
in
g
G
ra
zi
ng
/
he
rb
iv
o
ry
/
br
o
w
si
ng
In
te
ra
ct
io
ns
w
it
h
in
va
si
ve
al
ie
n
sp
ec
ie
s
N
ut
ri
en
t
cy
cl
in
g
P
hy
si
ca
l
m
o
di
-
fi
ca
ti
o
n
N
at
ur
al
su
cc
es
si
o
n
D
is
ru
pt
io
n
to
fo
o
d
w
eb
s
Le
sp
ed
ez
a
ju
nc
ea
ss
p.
se
ri
ce
a
(=
L.
cu
ne
at
a)
C
hi
ne
se
le
sp
ed
ez
a
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
s,
A
us
A
T
L,
C
O
N
,
M
A
C
,
M
E
D
5
0
0
X
X
X
Lo
ni
ce
ra
m
aa
ck
ii
A
m
ur
ho
ne
ys
uc
kl
e
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e,
R
el
ea
se
A
s
A
T
L,
C
O
N
,
M
A
C
,
M
E
D
5
0
0
X
X
X
Lo
ni
ce
ra
m
or
ro
w
ii
M
o
rr
o
w
's
ho
ne
ys
uc
kl
e
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e,
R
el
ea
se
A
s
A
T
L,
C
O
N
,
M
A
C
,
M
E
D
5
0
0
X
X
X
Ly
go
di
um
ja
po
ni
cu
m
Ja
pa
ne
se
cl
im
bi
ng
fe
rn
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
t
M
A
C
,
(M
E
D
)
6
2
5
X
X
X
M
ic
ro
st
eg
iu
m
vi
m
in
eu
m
N
ep
al
es
e
br
o
w
nt
o
p
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
C
o
nt
am
in
an
t
A
s
(A
T
L)
,
C
O
N
,
M
A
C
,
M
E
D
5
0
0
X
X
X
X
Pr
os
op
is
ju
lif
lo
ra
P
ro
so
pi
s
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
C
o
nt
am
in
an
t,
E
sc
ap
e
SA
m
A
T
L,
M
A
C
,
M
E
D
5
0
0
X
X
X
X
X
Pr
un
us
ca
m
pa
nu
la
ta
B
el
l
fl
o
w
er
ch
er
ry
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
s
A
T
L,
M
A
C
5
0
0
X
X
R
ub
us
ro
si
fo
liu
s
R
o
se
le
af
ra
sp
be
rr
y
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
t,
A
us
M
A
C
5
0
0
X
X
X
X
X
X
Tr
ia
di
ca
se
bi
fe
ra
(S
ap
iu
m
se
bi
fe
ru
m
)
C
hi
ne
se
ta
llo
w
tr
ee
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
A
s
M
A
C
,
M
E
D
5
0
0
X
X
X
X
X
A
ca
nt
ho
ph
or
a
sp
ic
ife
ra
A
re
d
al
ga
M
ar
in
e
P
ri
m
ar
y
pr
o
du
ce
r
St
o
w
aw
ay
T
rW
A
M
E
D
,
M
A
C
1
9
2
X
X
X
X
X
G
am
m
ar
us
fa
sc
ia
tu
s
F
re
sh
w
at
er
sh
ri
m
p
F
re
sh
w
at
er
O
m
ni
vo
re
E
sc
ap
e,
C
o
nt
am
in
an
t,
C
o
rr
id
o
r,
St
o
w
aw
ay
N
A
m
M
E
D
,
A
T
L,
C
O
N
,
ST
E
1
0
8
X
X
X
X
X
X
X
Pe
rn
a
vi
ri
di
s
A
si
an
gr
ee
n
m
us
se
l
M
ar
in
e
F
ilt
er
fe
ed
er
St
o
w
aw
ay
T
eN
W
P
M
E
D
,
M
A
C
,
A
T
L
1
9
2
X
X
X
X
X
X
Po
ta
m
oc
or
bu
la
am
ur
en
si
s
A
si
an
ba
sk
et
cl
am
M
ar
in
e
F
ilt
er
fe
ed
er
St
o
w
aw
ay
T
eN
W
P
M
E
D
,
M
A
C
,
A
T
L,
B
LK
,
B
A
L
1
8
0
X
X
X
X
X
X
X
X
Sy
m
pl
eg
m
a
re
pt
an
s
P
ill
o
w
‐li
ke
tu
ni
ca
te
M
ar
in
e
F
ilt
er
fe
ed
er
St
o
w
aw
ay
T
eN
W
P
M
E
D
,
M
A
C
,
A
T
L,
B
LK
1
9
2
X
X
X
X
A
eo
le
st
he
s
sa
rt
a
C
it
y
lo
ng
ho
rn
be
et
le
,
Q
et
ta
bo
re
r
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
H
er
bi
vo
re
C
o
nt
am
in
an
t
A
s
M
E
D
,
A
T
L,
C
O
N
,
ST
E
,
B
O
R
9
9
X
X
X
X
X
X
X
A
m
yn
th
as
ag
re
st
is
C
ra
zy
sn
ak
e
w
o
rm
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
D
et
ri
ti
vo
re
C
o
nt
am
in
an
t,
St
o
w
aw
ay
A
s?
A
T
L,
C
O
N
1
2
9
X
X
X
X
X
X
Pa
ch
yc
on
dy
la
ch
in
en
si
s
A
si
an
ne
ed
le
an
t
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
O
m
ni
vo
re
C
o
nt
am
in
an
t
A
s
M
E
D
,
A
T
L,
C
O
N
,
ST
E
,
M
A
C
1
7
5
X
X
X
X
X
X
X
Si
re
x
er
m
ak
B
lu
e‐
bl
ac
k
ho
rn
ta
il
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
H
er
bi
vo
re
C
o
nt
am
in
an
t,
E
sc
ap
e
A
s
C
O
N
,
ST
E
,
B
O
R
1
1
1
X
X
X
X
X
X
X
(C
on
ti
nu
es
)
1040 | ROY ET AL.
T
A
B
L
E
1
(C
o
nt
in
u
ed
)
Im
pa
ct
ty
pe
Sp
ec
ie
s
N
am
e
C
o
m
m
o
n
N
am
e
T
he
m
at
ic
G
ro
u
p
F
un
ct
io
n
al
G
ro
up
C
B
D
P
at
hw
ay
N
at
iv
e
ra
ng
e
B
io
ge
o
gr
ap
hi
c
re
gi
o
ns
th
re
at
en
ed
C
o
m
bi
ne
d
R
is
k
Sc
o
re
C
o
m
-
pe
ti
ti
o
n
P
re
-
da
ti
o
n
H
yb
ri
di
-
za
ti
o
n
D
is
ea
se
T
ra
ns
-
m
is
si
o
n
P
o
is
o
ni
ng
o
r
to
xi
ci
ty
B
io
‐
fo
ul
in
g
G
ra
zi
ng
/
he
rb
iv
o
ry
/
br
o
w
si
ng
In
te
ra
ct
io
ns
w
it
h
in
va
si
ve
al
ie
n
sp
ec
ie
s
N
ut
ri
en
t
cy
cl
in
g
P
hy
si
ca
l
m
o
di
-
fi
ca
ti
o
n
N
at
ur
al
su
cc
es
si
o
n
D
is
ru
pt
io
n
to
fo
o
d
w
eb
s
So
le
no
ps
is
ge
m
in
at
a
F
ir
e
an
t
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
O
m
ni
vo
re
C
o
nt
am
in
an
t
N
A
m
/
SA
m
M
A
C
,
M
E
D
,
A
T
L?
,
C
O
N
?,
ST
E
1
6
0
X
X
X
X
X
X
X
X
So
le
no
ps
is
in
vi
ct
a
R
ed
im
po
rt
ed
fi
re
an
t
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
O
m
ni
vo
re
C
o
nt
am
in
an
t
SA
m
M
A
C
,
M
E
D
1
6
0
X
X
X
X
X
X
X
X
X
So
le
no
ps
is
ri
ch
te
ri
B
la
ck
im
po
rt
ed
fi
re
an
t
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
O
m
ni
vo
re
C
o
nt
am
in
an
t
SA
m
M
A
C
,
M
E
D
,
A
T
L?
,
C
O
N
?,
ST
E
1
2
8
X
X
X
X
X
X
X
X
X
Te
tr
op
iu
m
gr
ac
ili
co
rn
e
F
in
e‐
ho
rn
ed
sp
ru
ce
be
et
le
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
H
er
bi
vo
re
C
o
nt
am
in
an
t
A
s
A
T
L,
C
O
N
,
ST
E
,
B
O
R
1
2
8
X
X
X
X
X
X
X
V
es
pu
la
pe
ns
yl
va
ni
ca
W
es
te
rn
ye
llo
w
ja
ck
et
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
O
m
ni
vo
re
C
o
nt
am
in
an
t
N
A
m
M
A
C
?,
M
E
D
,
A
T
L,
C
O
N
,
ST
E
,
B
O
R
?
9
9
X
X
X
X
X
X
B
is
on
bi
so
n
A
m
er
ic
an
bi
so
n
V
er
te
br
at
e
H
er
bi
vo
re
R
el
ea
se
N
A
m
C
O
N
3
3
8
X
X
X
X
B
oi
ga
ir
re
gu
la
ri
s
B
ro
w
n
tr
ee
sn
ak
e
V
er
te
br
at
e
P
re
da
to
r
E
sc
ap
e,
R
el
ea
se
,
St
o
w
aw
ay
A
u
s
M
E
D
,
M
A
C
2
8
0
X
X
X
X
X
C
yn
op
s
py
rr
ho
ga
st
er
Ja
pa
ne
se
fi
re
‐b
el
lie
d
sa
la
m
an
de
r
V
er
te
br
at
e
O
m
ni
vo
re
E
sc
ap
e
A
s
C
O
N
3
5
4
X
X
?
X
X
X
El
eu
th
er
od
ac
ty
lu
s
co
qu
i
C
o
m
m
o
n
co
qu
í
V
er
te
br
at
e
P
re
da
to
r
E
sc
ap
e,
C
o
nt
am
in
an
t,
St
o
w
aw
ay
N
A
m
M
E
D
,
M
A
C
2
5
2
X
X
El
eu
th
er
od
ac
ty
lu
s
pl
an
ir
os
tr
is
G
re
en
ho
us
e
fr
o
g
V
er
te
br
at
e
P
re
da
to
r
E
sc
ap
e,
St
o
w
aw
ay
N
A
m
M
E
D
,
M
A
C
2
8
8
X
X
X
H
em
id
ac
ty
lu
s
fr
en
at
us
C
o
m
m
o
n
ho
us
e
ge
ck
o
V
er
te
br
at
e
P
re
da
to
r
E
sc
ap
e,
St
o
w
aw
ay
A
us
A
T
L,
M
E
D
,
C
O
N
3
2
0
X
X
R
hi
ne
lla
m
ar
in
a
C
an
e
to
ad
V
er
te
br
at
e
O
m
ni
vo
re
C
o
nt
am
in
an
t,
E
sc
ap
e,
R
el
ea
se
,
SA
m
M
E
D
,
M
A
C
2
8
0
X
X
X
X
X
X
Tr
ic
ho
su
ru
s
vu
lp
ec
ul
a
B
ru
sh
ta
il
po
ss
um
V
er
te
br
at
e
O
m
ni
vo
re
E
sc
ap
e
A
u
s
A
T
L,
M
E
D
,
C
O
N
,
M
A
C
3
0
4
X
X
X
X
D
ap
hn
ia
lu
m
ho
lt
zi
F
re
sh
w
at
er
in
ve
rt
eb
ra
te
F
ilt
er
fe
ed
er
C
o
nt
am
in
an
t,
C
o
rr
id
o
r,
St
o
w
aw
ay
,
U
na
id
ed
A
s,
A
t,
A
us
M
A
C
,
M
E
D
,
C
O
N
,
ST
E
9
6
X
X
X
X
X
X
Pi
nu
s
pa
tu
la
M
ex
ic
an
w
ee
pi
ng
pi
ne
P
la
nt
P
ri
m
ar
y
pr
o
du
ce
r
E
sc
ap
e
N
A
m
M
A
C
,
A
T
L
3
0
0
X
X
X
A
sc
id
ia
sy
dn
ei
en
si
s
G
re
en
tu
be
tu
ni
ca
te
M
ar
in
e
F
ilt
er
fe
ed
er
C
o
nt
am
in
an
t,
St
o
w
aw
ay
W
IP
,C
IP
M
E
D
,
M
A
C
,
A
T
L
1
0
8
X
X
X
X
B
al
an
us
gl
an
du
la
A
co
rn
ba
rn
ac
le
M
ar
in
e
F
ilt
er
fe
ed
er
St
o
w
aw
ay
T
eN
E
P
A
T
L,
B
A
L
1
0
8
X
X
X
X
X
X
(C
on
ti
nu
es
)
ROY ET AL. | 1041
T
A
B
L
E
1
(C
o
nt
in
u
ed
)
Im
pa
ct
ty
pe
Sp
ec
ie
s
N
am
e
C
o
m
m
o
n
N
am
e
T
he
m
at
ic
G
ro
up
Fu
nc
ti
o
na
l
G
ro
up
C
B
D
P
at
hw
ay
N
at
iv
e
ra
ng
e
B
io
ge
o
gr
ap
hi
c
re
gi
o
ns
th
re
at
en
ed
C
o
m
bi
ne
d
R
is
k
Sc
o
re
C
o
m
-
pe
ti
ti
o
n
P
re
-
da
ti
o
n
H
yb
ri
di
-
za
ti
o
n
D
is
ea
se
T
ra
ns
-
m
is
si
o
n
P
o
is
o
ni
ng
o
r
to
xi
ci
ty
B
io
‐
fo
ul
in
g
G
ra
zi
ng
/
he
rb
iv
o
ry
/
br
o
w
si
ng
In
te
ra
ct
io
ns
w
it
h
in
va
si
ve
al
ie
n
sp
ec
ie
s
N
ut
ri
en
t
cy
cl
in
g
P
hy
si
ca
l
m
o
di
-
fi
ca
ti
o
n
N
at
ur
al
su
cc
es
si
o
n
D
is
ru
pt
io
n
to
fo
o
d
w
eb
s
C
io
na
sa
vi
gn
yi
P
ac
if
ic
tr
an
sp
ar
en
t
tu
ni
ca
te
M
ar
in
e
F
ilt
er
fe
ed
er
E
sc
ap
e,
St
o
w
aw
ay
T
eN
E
P
,
T
es
w
a,
T
eA
u
A
T
L,
B
LK
,
B
A
L,
M
E
D
,
M
A
C
1
4
4
X
X
X
X
D
ic
ty
os
ph
ae
ri
a
ca
ve
rn
os
a
G
re
en
bu
bb
le
w
ee
d
M
ar
in
e
P
ri
m
ar
y
pr
o
du
ce
r
St
o
w
aw
ay
W
IP
M
E
D
,
M
A
C
1
0
8
X
X
X
X
X
X
D
id
em
nu
m
pe
rlu
ci
du
m
A
co
lo
ni
al
tu
ni
ca
te
M
ar
in
e
F
ilt
er
fe
ed
er
C
o
nt
am
in
an
t,
St
o
w
aw
ay
U
nk
no
w
n
M
E
D
,
M
A
C
1
2
8
X
X
X
X
D
or
vi
lle
a
si
m
ili
s
A
po
ly
ch
ae
te
w
o
rm
M
ar
in
e
D
et
ri
ti
vo
re
St
o
w
aw
ay
,
U
na
id
ed
W
IP
,C
IP
M
E
D
,
M
A
C
1
5
0
R
ho
do
so
m
a
tu
rc
ic
um
A
un
it
ar
y
tu
ni
ca
te
M
ar
in
e
F
ilt
er
fe
ed
er
St
o
w
aw
ay
W
IP
,C
IP
,
T
eN
W
P
,
T
rW
A
M
E
D
,
M
A
C
,
A
T
L
1
6
2
X
X
X
X
Zo
st
er
a
ja
po
ni
ca
D
w
ar
f
ee
lg
ra
ss
M
ar
in
e
P
ri
m
ar
y
P
ro
du
ce
r
C
o
nt
am
in
an
t
T
eN
W
P
M
E
D
,
M
A
C
,
A
T
L,
B
LK
,
B
A
L
1
0
8
X
X
X
X
X
X
A
gr
ilu
s
au
ro
gu
tt
at
us
G
o
ld
sp
o
tt
ed
o
ak
bo
re
r
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
H
er
bi
vo
re
C
o
nt
am
in
an
t,
St
o
w
aw
ay
N
am
M
E
D
8
1
X
X
X
X
X
X
X
D
en
dr
ol
im
us
su
pe
ra
ns
W
hi
te
‐li
ne
d
si
lk
m
o
th
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
H
er
bi
vo
re
C
o
nt
am
in
an
t
A
s
C
O
N
,
ST
E
,
B
O
R
1
2
8
X
X
X
X
X
X
Pl
at
yp
us
qu
er
ci
vo
ru
s
O
ak
am
br
o
si
a
be
et
le
T
er
re
st
ri
al
in
ve
rt
eb
ra
te
H
er
bi
vo
re
C
o
nt
am
in
an
t,
St
o
w
aw
ay
A
s
M
A
C
,
M
E
D
,
A
T
L,
C
O
N
,
ST
E
9
7
X
X
X
X
X
X
X
X
B
oa
co
ns
tr
ic
to
r
B
o
a co
ns
tr
ic
to
r
V
er
te
br
at
e
P
re
da
to
r
E
sc
ap
e
SA
m
M
E
D
2
6
3
X
X
X
X
G
ym
no
rh
in
a
ti
bi
ce
n
A
us
tr
al
ia
n
m
ag
pi
e
V
er
te
br
at
e
O
m
ni
vo
re
E
sc
ap
e
A
us
A
T
L,
M
E
D
,
C
O
N
2
2
5
Py
th
on
m
ol
ur
us
In
di
an
ro
ck
py
th
o
n
V
er
te
br
at
e
P
re
da
to
r
E
sc
ap
e
A
t
M
E
D
2
6
3
X
X
X
X
Q
ue
le
a
qu
el
ea
R
ed
bi
lle
d
qu
el
ea
V
er
te
br
at
e
O
m
ni
vo
re
E
sc
ap
e,
R
el
ea
se
A
fr
M
E
D
,C
O
N
2
5
2
Ta
m
ia
sc
iu
ru
s
hu
ds
on
ic
us
A
m
er
ic
an
re
d
sq
ui
rr
el
V
er
te
br
at
e
H
er
bi
vo
re
E
sc
ap
e
N
A
m
B
O
R
,
A
T
L,
C
O
N
2
4
4
X
X
X
X
X
N
ot
es
.
T
he
pa
th
w
ay
in
fo
rm
at
io
n
is
as
re
co
m
m
en
de
d
by
th
e
(C
B
D
2
0
1
4
).
C
o
de
s
fo
r
N
at
iv
e
R
an
ge
ar
e
gi
ve
n
in
th
e
le
ge
nd
fo
r
F
ig
ur
e
3
an
d
fo
r
B
io
ge
o
gr
ap
h
ic
R
eg
io
n
s
in
th
e
le
ge
n
d
fo
r
F
ig
u
re
7
.
N
o
te
th
at
th
e
co
m
bi
ne
d
ri
sk
sc
o
re
w
as
us
ed
fo
r
gu
id
in
g
th
e
di
sc
us
si
o
ns
be
tw
ee
n
ex
pe
rt
s
ac
ro
ss
th
em
at
ic
gr
o
up
s
an
d
do
es
no
t
re
la
te
st
ri
ct
ly
to
th
e
fi
n
al
ra
n
k
o
f
th
e
sp
ec
ie
s
w
it
h
in
th
e
lis
t.
Li
ke
ly
im
p
ac
t
ty
p
e
is
in
d
i-
ca
te
d
by
“X
”
in
th
e
re
le
va
nt
co
lu
m
ns
.
1042 | ROY ET AL.
since many of the alien plants are anticipated to arrive as escapes
from horticulture (Saul et al., 2017). Pathways within the stowaway
categories are considered likely to increase in importance in terms of
species introductions compared to the past (Chapman et al., 2016;
Zieritz et al., 2017); this is particularly the case for marine species,
but also for terrestrial invertebrates, and highlights the importance
of increasing surveillance of transport vectors (Hulme, 2015; Saul et
al., 2017; Pergl et al., 2017) and implementation of preventative
measures. For example, the highly invasive fire ant, Solenopsis invicta,
is likely to arrive as a stowaway in packaging (Inoue & Goka, 2009).
It is important to consider the spread of IAS from countries adjacent
to the region of interest but for the EU future major donor regions
of IAS are also likely to be from further afield with introductions
from Asia and the Americas anticipated to increase (Seebens et al.,
2015; Zieritz et al., 2017). Thus, the pathways and origins of
expected future IAS are similar to the major pathways of historic
invasions in Europe (DAISIE, 2009).
Apart from some general patterns, alien species introduction
events have a strong stochastic component. Therefore, it is impor-
tant to recognize the imperfect nature of horizon scanning lists
(Nehring, Kowarik, Rabitsch, & Essl, 2013). There are undoubtedly
many species that have not been considered through this horizon
scanning approach that could arrive in the future. However, involv-
ing a large number of people through a semi‐structured process to
horizon scanning can inform the three‐stage hierarchical approach
proposed by the CBD for managing the impacts of IAS. Communica-
tion and cross‐boundary collaborations extending beyond the EU,
ensuring knowledge on IAS is shared between countries, are essen-
tial to ensure successful implementation of an IAS strategy (Hulme,
Pyšek, Nentwig, & Vilà, 2009).
F IGURE 3 Native range of the species absent from Europe (n = 66) considered to have at least a medium probability of arrival,
establishment, spread and magnitude of impact on biodiversity and ecosystem services. The insert shows the native regions of established
terrestrial and freshwater alien species in Europe (n = 6,224, from DAISIE, 2009). Note that species can occur in more than one region.
Terrestrial and Freshwater (Continental TDWG categories): Afr = Africa; As = Asia Temperate; At = Asia Tropical; Aus = Australasia;
NAm = North America; SAm = South America. Marine (Spalding et al., 2007): TeAu = Temperate Australasia; TeNWA = Temperate NW
Atlantic; TeNWP = Temperate NW Pacific; TeSAf = Temperate Southern Africa; TrEA = Tropical Eastern Atlantic; TrEP = Tropical Eastern
Pacific; TrWA = Tropical Western Atlantic; CIP = Central Indo‐Pacific; WIP = Western Indo‐Pacific
F IGURE 2 Number of species absent
from Europe (n = 66) that were considered
to have a very high, high or medium
probability of arrival, establishment, spread
and magnitude of impact on biodiversity
and ecosystem services across thematic
subgroups (Freshwater invertebrates,
Freshwater fish, Terrestrial invertebrates,
Vertebrates, Plants and Marine species)
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The breadth of biogeographic regions that are considered under
threat by the species identified through the horizon scanning is strik-
ing, but it is notable that the Atlantic, Mediterranean, Continental
and Macaronesian biogeographic regions are most at risk under cur-
rent climate conditions, while the Alpine region is not. The Mediter-
ranean biogeographic region is at risk because of the predicted
arrival of Lessepsian potential IAS from the Indo‐Pacific exacerbated
by the latest enlargement of the Suez Canal (Galil et al., 2015).
Climate warming is likely to play an important role in the future
with respect to interactions with IAS, but not within the designated
timeframe of 10 years (Walther et al., 2009; Cheng, Sakai, Mat-
sushima, Yagi, & Hasegawa, 2010; Bellard et al., 2013). Some of the
40
35
30
25
N
um
be
r o
f s
pe
ci
es
20
15
10
5
0
Release in
nature
Transport – Transport –
stowaway contaminant
Escape from
conﬁnement
Pathway of arrival
Corridor Unaided
Medium High Very high
F IGURE 5 Number of species absent
from Europe (n = 66) considered to have a
very high, high or medium probability of
arrival, establishment, spread and
magnitude of impact on biodiversity and
ecosystem services and their anticipated
pathways of arrival. Note that species can
arrive via multiple pathways. The pathway
classification follows (CBD, 2014)
40
35
30
25
20
15
10
5
0
Release in nature Transport – Transport –
stowaway
Sto
wa
wa
y
contaminant
Co
nta
mi
na
nt
Escape from
Esc
ap
e
conﬁnement
Pathway of arrival
Marine speciesFreshwater animals
Terrestrial invertebrates Terrestrial vertebrates
Corridor
Co
rri
do
r
Un
aid
ed
Un
kn
ow
n
Re
lea
se
6,000
5,000
4,000
3,000
2,000
1,000
0N
um
be
r o
f s
pe
ci
es
N
um
be
r o
f s
pe
ci
es
Unaided
Terrestrial plants
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The insert shows the frequencies of known pathways of currently established aliens in Europe as taken from DAISIE (2009) (n = 6,224)
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species that have been recorded but have not yet established might
be able to reproduce and spread in future climates. This includes
currently inhospitable regions, e.g. in the Alpine or Boreal region
(Walther et al., 2009). It is essential that consideration is given to
interactions between major drivers of change such as climate
change, habitat destruction and pollution when predicting the likely
establishment, spread and impacts of potential IAS.
The proposed lists provide a basis for prioritizing full risk assess-
ments in order to comprehensively evaluate the threat posed by
these species to the EU biodiversity. Completion of risk assessments
for each species categorized as high or very high risk should be pri-
oritized to validate the list and ensure that evidence of impacts is
assessed in a rigorous and robust way. However, it would also be
useful to assess a sample of those with medium risk scores as a way
of checking the selection and ranking of species. Consideration of so
many species requires a rapid method of assessment for arrival,
establishment, spread and impact that enables effective, although
approximate ranking. The crude bracketing of species as posing very
high, high and medium threat was an effective way of managing the
complexities of prioritizing such a long list of species spanning
diverse taxonomic groups and environments. The experts were
unanimously agreed that this approach increased their confidence in
reaching a decision and reduced bias in the ranking, but note that
the categorization is subjective. It is also important to remember that
the scoring is to enable species to be prioritized for future formal
risk assessment and that scores underpinned by detailed evidence
should be collated during such risk assessment. Furthermore, we rec-
ommend conducting regular reviews of both the species rankings
and future potential IAS that could threaten the EU, as demanded
by the EU Regulation. For this purpose, dedicated species accounts
should be considered and kept updated in the species data reposi-
tory formally endorsed by the EU Regulation, i.e. EASIN (https://ea
sin.jrc.ec.europa.eu/).
The focus of this horizon scanning exercise was only on the neg-
ative impacts of potential IAS on biodiversity and ecosystems, with
some consideration on ecosystem service impacts. Systematic con-
sideration of ecosystem services could form an integral part of a
future horizon scanning exercise (Hulme & Vilà, 2017), and
potentially evaluation of services and disservices. However, currently
there is a lack of information to allow for a detailed and/or scientifi-
cally well‐informed assessment of ecosystem services including
socio‐economic impacts, affecting the overall robustness of the scor-
ing exercise (Roy, 2017). Therefore, biodiversity and ecosystem ser-
vices impacts are recommended to be the core focus of a horizon
scanning exercise with socio‐economic factors included where infor-
mation is available. Additionally, improving the evidence‐base and
developing frameworks for assessing socio‐economic impacts should
be a priority.
Thematic groups ranked a similar number of species as very
high, high or medium priority for risk assessment, with the excep-
tion of the terrestrial invertebrate group which listed fewer spe-
cies than the others. For most terrestrial invertebrates, research
on impacts is focused on productive sectors, such as forestry and
agriculture, or human health and well‐being, rather than impacts
on biodiversity. Substantial knowledge gaps for marine species
(Ojaveer et al., 2015) and terrestrial invertebrates (Kenis et al.,
2009; Nentwig & Vaes‐Petignat, 2014) have also been recognized.
Indeed, all thematic groups struggled with a lack of information to
some extent. For example, over all European alien species, impacts
are reported for only 10% (Vilà et al., 2010), the main shortfall
being poor understanding and documentation of impacts on
ecosystem services (Roy, Schonrogge et al., 2014), although it is
also recognized that a high proportion of alien species might not
cause notable impacts (Roy, Preston et al., 2014) and the impacts
of those that do are highly‐context dependent. Lack of informa-
tion does not equate to absence of threat but a deliberately con-
servative approach was adopted whereby only those species with
some supporting evidence of impacts on biodiversity were
included in the list (Hulme et al., 2013). However, one of the
advantages of using expert‐elicitation within a consensus approach
to horizon scanning is the breadth of information sources drawn
upon by the group members. Furthermore, evidence is accruing
and new methods are ensuring robust and repeatable approaches
for assessing environmental (Blackburn et al., 2014) and socio‐eco-
nomic impacts (Bacher et al., 2018) including effects of IAS on
ecosystem services.
F IGURE 7 Number of species absent
from Europe (n = 66) considered to have
at least a medium probability of arrival,
establishment, spread and impact on
biodiversity and ecosystem services and
the EU biogeographic regions they are
predicted to establish within.
Abbreviations: ALP = Alpine Region,
BOR = Boreal Region, ATL = Atlantic
Region, CON = Continental Region,
MED = Mediterranean Region,
MAC = Macaronesian Region,
STE = Steppic Region, BLK = Black Sea
Region
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Information provided by horizon scanning exercises is essential
to support decision making on IAS, and to ensure an optimal use of
the resources invested in prevention and early detection of possible
invaders; activities that can require substantial economic invest-
ments. Therefore, regular review and refinement of the lists derived
from such an approach will be critical. The horizon scanning method
presented here could be extended in various ways particularly
through inclusion of additional information on socio‐economic
impacts (Bacher et al., 2018) but also identification and prioritization
of emerging and promising IAS management methods, technologies
or control actions (Shine et al., 2010; Ricciardi et al., 2017). More-
over, an important future priority is the management of arrival path-
ways of potential IAS considered to pose a major threat to
biodiversity and ecosystem services (Essl et al., 2015; Vilà & Hulme,
2017) and this horizon scanning approach could inform pathway
action plans.
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